Multiple studies have implicated frontostriatal dysfunction in human immunodeficiency virus (HIV) and described cognitive deficits with a focus on executive function and memory. Remarkably little is known about visuospatial and number processing in HIV, though these capacities are also supported by frontostriatal circuits and their parietal connections. We investigated the relation of numerical and spatial cognition in asymptomatic individuals with HIV and explored physical and mental number orientation using several modes of presentation and response: mental number line bisection, physical line bisection, and physical number line orientation on visually-presented horizontal and vertical number lines. The asymptomatic HIV+ group was significantly slower and produced more errors on visuospatial and number processing tasks than the HIV− group (n = 37/group). Both groups showed significant correlations between number processing and visuospatial performance. These findings demonstrate that HIV-related brain damage early in the disease course can alter the spatial representation of numerical distance, providing evidence for disruption of frontostriatal circuits and their parietal projections underlying numerical processing in HIV. Besides disease-related effects, this study demonstrates that the physical number line preserves its numerical and spatial integrity in both the vertical and horizontal physical dimensions, as all participants exhibited underestimation of numerical distance, i.e. leftward bias (for horizontal presentation) and downward bias (for vertical). Our results also revealed a dissociation between the processing components of numerical distance and physical space, suggesting differentiation between the neural networks involved in number lines and physical line orientation.
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Introduction
The human immunodeficiency virus (HIV) crosses the blood-brain barrier and affects the brain early in the course of the disease (Avison et al., 2004; Gray et al., 1996; Power et al., 1993) , causing neurochemical changes that alter functioning in selective populations of neurons (Kaul, Garden, & Lipton, 2001; Mattson, Haughey, Nath, & 2005) . The neuropsychological and neuroimaging literature suggests that frontostriatal pathology is especially prominent in HIV (Chang et al., 2004 (Chang et al., , 2001 Ernst, Chang, Jovicich, Ames, & Arnold, 2002; Heaton et al., 1995; Paul, Cohen, & Stern, 2003; Paul et al., 2007) . The basal ganglia, in particular, are subject to pathology early in the course of the infection (Berger & Nath, 1997). There is evidence that blood-brain barrier disruption, resulting from direct infection or apoptotic changes in endothelial cells, may increase the viral burden in this region and allow entry of substances that are damaging for * Corresponding author. Tel.: +1 617 353 3911.
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basal ganglia (Berger et al., 2000) . HIV infection is also associated with tissue loss in frontal and parietal areas (Thompson et al., 2005) . Neuroimaging studies of cognitive activation in HIV positive (HIV+) individuals have found increased activation in frontal and parietal cortical regions that are adjacent to those activated by the HIV negative (HIV−) control group (Chang et al., 2004; Chang et al., 2001; Ernst et al., 2002) , results that were interpreted in the context of compensatory activation induced by dysfunction of frontostriatal circuits in HIV+ individuals.
Recent neuroimaging studies have reported increased signal change in a cognitively intact HIV+ group compared to the HIV− group in lateral frontal and posterior parietal areas (Castelo, Sherman, Courtney, Melrose, & Stern, 2006) . These findings also support the idea that HIV-related brain changes extend beyond the frontostriatal circuits to their parietal projections. Neuropsychological studies of cognition in HIV have shown that asymptomatic HIV+ individuals exhibit cognitive deficits consistent with dysfunction of frontostriatal circuits (Bogdanova, Diaz-Santos, & Cronin-Golomb, 2007; Castelo, Courtney, Melrose, & Stern, 2007; Heaton et al., 1995) and parietal cortical areas (Bogdanova & 
